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Introduction {#sec005}
============

Esophagogastric junction (EGJ) diseases require careful clinical attention because of their relatively high prevalence. Although the global incidence of gastric cancer has decreased due to the reduction in distal cancers\[[@pone.0179490.ref001]\], adenocarcinoma of the EGJ has shown a rapidly increasing trend in recent years, in both the West\[[@pone.0179490.ref002]\] and the East\[[@pone.0179490.ref003], [@pone.0179490.ref004]\]. This increase may continue in the future.

Currently, esophagogastroduodenoscopy (EGD) is an efficient, sensitive and economical form of examination for the detection of upper gastrointestinal diseases. It has also been accepted as the most helpful diagnosis and surveillance tool for adenocarcinoma of the EGJ or esophagus and its possible precursor, Barrett's esophagus\[[@pone.0179490.ref005]--[@pone.0179490.ref008]\].

With the maturation of sedation technology, painless endoscopy has been proven to result in higher physician satisfaction and better outcome of the endoscopic procedure\[[@pone.0179490.ref009]\]. Thus, the majority of EGD procedures are performed with sedation in United States and some European countries\[[@pone.0179490.ref010], [@pone.0179490.ref011]\]. Endoscopic sedation is also in increasingly common use in China.

However, there remain some defects of painless esophagogastroduodenoscopy. It has been noted that sedation is related to a variety of adverse cardiopulmonary events such as hypoxia, hypotension and arrhythmia\[[@pone.0179490.ref012]\]. However, the negative impact of sedation on the EGD detective efficacy must also be taken seriously, particularly the unexpected effect reported on EGJ observation \[[@pone.0179490.ref013]\].

Muscarinic acetylcholine receptor antagonists are regularly used during endoscopy such as Scopolamine Butylbromide which is standard, independently of weight or other patients' conditions, to inhibit gastrointestinal peristalsis and reduce mucus secretion, thereby providing a better view\[[@pone.0179490.ref014]\]. Atropine is most commonly used in China. Furthermore, in recent years of clinical practice, we have observed another delightful effect of atropine: improved EGJ observation seemed to accompany the application of atropine.

Therefore, we wanted to examine whether sedation had a negative effect on EGJ observation in the Chinese population and whether atropine had some antidote ability against this unexpected secondary effect of sedation.

Patients and methods {#sec006}
====================

Selection of patients {#sec007}
---------------------

In this cross-sectional study, the subject population consisted of both inpatients and outpatients admitted to the Second Affiliated Hospital of Zhejiang University School of Medicine for esophagogastroduodenoscopy from April 2014 to June 2016. The inclusion criteria were as follows: scheduled for diagnostic upper gastrointestinal endoscopy for the evaluation of dyspeptic complaints, aged over 18 years, and underwent either non-sedation EGD or sedation EGD with or without atropine. 411 participants met with inclusions criteria. The exclusion criteria were as follows: past history of malignancy, acute critical illness or organ dysfunction, heavy drinking, pregnancy and age over 85 years. 15 subjects were excluded who met with at least one item of the exclusion criteria. The subjects' basic information including sex, age, height, weight and comorbidity was recorded, together with medical record numbers that could identify individual subjects. 6 Subjects without complete baseline demographic or clinical information were also excluded before statistical analysis. The final total sample size was 390. Original information of subjects can be inferred to the [S1 Table](#pone.0179490.s001){ref-type="supplementary-material"}.

Subjects underwent different methods of EGD examination based on their individual patient willing, and accordingly divided into three groups: the non-sedation group(n = 99), the propofol-fentanyl combined sedation group(n = 203) and the combined sedation with atropine administration group(n = 88). According to the sample size estimation based on preliminary data from our early observation of 30 subjects (10 of each group), with a two-tailed test of α = 0.05, 1 -- β (the power) = 0.90, and 5% drop-out rate, at least 53 patients in each group were required. Thus the sample size of this study met with the requirement.

Subject information was recorded in three groups according to the methods of EGD examination: the non-sedation group, the propofol-fentanyl combined sedation group and the combined sedation with atropine administration group. All subjects provided written consent, and the study was reviewed and approved by the institutional review board (IRB) of the Second Affiliated Hospital of the Zhejiang University School of Medicine (2016--023).

Endoscopy and sedation procedure {#sec008}
--------------------------------

All EGD examinations in this study were performed by the same experienced gastroenterological endoscopist (WS Pan), using single-channel upper gastrointestinal endoscopes (GIF-H260, Olympus Company). All EGD examination procedures were executed in a standard manner according to the Guidelines for Gastrointestinal Endoscopy\[[@pone.0179490.ref014]\].

As a standard local laryngeal anesthesia method, patients of the non-sedation group received 10 mL of lidocaine jelly (Harvest Pharmaceutical Co. Ltd, Shanghai, China) before the procedure. The combined sedation with propofol and fentanyl in the two sedation groups was conducted by certified anesthesiologists under the supervision of the endoscopist according to the official protocol in China\[[@pone.0179490.ref015]\]: an initial dose of 50 μg fentanyl and 1.5 mg/kg propofol was administered until the patient reached a state of deep sedation, as defined by the Ramsay Sedation Scale\[[@pone.0179490.ref016]\]; in case of insufficient sedation, 0.2--0.5 mg/kg boluses of propofol were added. For the atropine plus combined sedation group, an intravenous bolus of 0.5 mg atropine (Tianjin Kingyork Group Co. Ltd, Tianjin, China) was administered 30 seconds after conscious sedation was achieved and before the EGD examination began.

The EGJ was defined as the proximal margin of the gastric mucosal folds\[[@pone.0179490.ref017]\]. The EGJ observation was assessed by the key photographs taken using the endoscopic camera 1 cm from the site of the EGJ during both insertion and withdrawal. The key photographs were not taken until the operator had inflated the esophagus and inspected the EGJ territory as clearly as possible. For statistical analysis, the extent of EGJ exposure was scored on a four-degree scale\[[@pone.0179490.ref013]\]: excellent (100% of the EGJ, score of 4), good (100% \> EGJ ≥ 50%, score 3), fair (50% \> EGJ, score 2), and poor (EGJ not visualized, score 1) ([Fig 1](#pone.0179490.g001){ref-type="fig"}). The EGJ exposure grading was all worked out by another experienced endoscopist(Wu HG) blindly who was not involved in gathering the images and was not aware of the patient's method of EGD examination at the time of image capture.

![The esophagogastric junction exposure extent scale **(a).** Excellent (100% of the EGJ, score = 4) **(b).** Good (100% \> EGJ ≥ 50%, score = 3) **(c).** Fair (50% \> EGJ, score = 2) **(d).** Poor (EGJ not visualized, score = 1). White lines indicate the observation region.](pone.0179490.g001){#pone.0179490.g001}

During the sedation endoscopic procedure, all patients were monitored for oxygen saturation, pulse rate and arterial blood pressure by a monitoring instrument (Type: Ipm 12, Shenzhen Mindary Biomedical Electronic Co. Ltd, Guangdong, China).

Statistical analysis {#sec009}
--------------------

The statistical analyses were performed using the SPSS 18 (SPSS Inc. Chicago, USA) software. Continued variables were expressed as the means ± SD and were compared using one-way analysis of variance (ANOVA). The categorical variables were analyzed using Fisher's exact test or the χ^2^ test. Logistic regression analysis was applied to find the independent factors associated with excellent observation, which showed a significant association in the univariate analysis. A value of *P* less than 0.05 was considered statistically significant.

Results {#sec010}
=======

A total of 390 patients were included in the study (99 non-sedation, 203 propofol-fentanyl combined sedation, 88 combined sedation with atropine administration). All the baseline demographic and clinical characteristics were recorded in three groups, and no significant difference was found among the three groups by the difference analysis ([Table 1](#pone.0179490.t001){ref-type="table"}). No severe sedation-related cardiopulmonary adverse events such as hypoxia, hypotension and arrhythmias or explicit sedation-related symptoms like vomiting occurred during any endoscopy process, due to the professional sedation executed by experienced anesthetists and cautious monitoring.

10.1371/journal.pone.0179490.t001

###### Baseline characteristics of subjects.

![](pone.0179490.t001){#pone.0179490.t001g}

                                                                   Non-sedation(n = 99)   Sedation (n = 203)   Sedation with atropine(n = 88)   *P* value
  ----------------------------- ---------------------------------- ---------------------- -------------------- -------------------------------- -----------
  Demographic characteristics                                                                                                                   
                                    Age                            50.09±14.87            49.24±12.54          48.83±13.76                      0.800
                                    Male, n(%)                     48(48.5%)              100(49.3%)           49(55.7%)                        0.540
                                    Weight                         62.53±10.96            62.56±10.17          62.39±10.26                      0.992
                                    Height                         165.49±7.13            164.93±7.66          165.90±7.36                      0.562
                                    BMI                            22.71±2.90             22.91±2.72           22.61±2.84                       0.688
  Comorbidity                                                                                                                                   
                                    Hypertension, n(%)             15(15.2%)              26(12.8%)            8(9.1%)                          0.454
                                    Diabetes melitus, n(%)         7(7.1%)                6(3.0%)              5(5.7%)                          0.240
                                    Hyperlipemia, n(%)             7(7.1%)                14(6.9%)             5(5.7%)                          0.914
                                    Cardiovascular disease, n(%)   12(12.1%)              14(6.9%)             3(3.4%)                          0.070
                                    Liver disease, n(%)            3(3.0%)                14(6.9%)             6(6.8%)                          0.374
                                    Thyroid disorder, n(%)         5(5.1%)                17(8.4%)             4(4.5%)                          0.367
  　                                Psychiatric disorder, n(%)     6(6.1%)                8(3.9%)              2(2.3%)                          0.422

All endoscopic disease detection was similar among three groups except that a significant reduction in carditis and hiatus hernia detection was observed during sedation EGD compared to non-sedation EGD ([Table 2](#pone.0179490.t002){ref-type="table"}).

10.1371/journal.pone.0179490.t002

###### Endoscopic findings during EGD.

![](pone.0179490.t002){#pone.0179490.t002g}

  Endoscopic findings                                        Non-sedation(n = 99)   Sedation (n = 203)   Sedation with atropine(n = 88)   *P* value
  ---------------------------------------------------------- ---------------------- -------------------- -------------------------------- -----------
  Carditis, n(%)[\*](#t002fn002){ref-type="table-fn"}        35(35.4%)              33(16.3%)            10(11.4%)                        \<0.05
  Hiatus hernia, n(%)[\*](#t002fn002){ref-type="table-fn"}   11(11.1%)              4(2.0%)              4(4.5%)                          \<0.05
  Esophagitis, n(%)                                          6(6.1%)                17(8.4%)             6(6.8%)                          0.748
  Gastric polyp, n(%)                                        8(8.1%)                34(16.7%)            10(11.4%)                        0.095
  Gastric ulcer, n(%)                                        3(3.0%)                8(3.9%)              1(1.1%)                          0.445
  Duodenal polyp, n(%)                                       0(0.0%)                3(1.5%)              1(1.1%)                          0.485
  Duodenal ulcer, n(%)                                       13(13.1%)              18(8.9%)             11(12.5%)                        0.446
  Neoplasm, n(%)[^\#^](#t002fn003){ref-type="table-fn"}      1(1.0%)                3(1.5%)              5(5.7%)                          0.055

EGD, esophagogastroduodenoscopy.

\* *P*\<0.05 for non-sedation vs. sedation group

\# 9 patients with neoplasm: 8 gastric adenocarcinoma, 1 gastric mucosal-associated lymphoid tissue lymphoma.

The extent of exposure of the EGJ was significantly higher in the non-sedation group than in the sedation group, while the sedation group administered atropine had a significantly better view of the EGJ than the sedation group without atropine administration (non-sedation group score = 3.24±1.12, sedation without atropine 1.99±1.08, sedation with atropine 2.64±1.05, *P*\<0.001, [Table 3](#pone.0179490.t003){ref-type="table"}).

10.1371/journal.pone.0179490.t003

###### Observed esophagogastric junction region exposure grade and score.

![](pone.0179490.t003){#pone.0179490.t003g}

  Exposure grade(Score)                                 Non- sedation(n = 99)   Sedation (n = 203)   Sedation with atropine(n = 88)   *P* value
  ----------------------------------------------------- ----------------------- -------------------- -------------------------------- -----------
  Excellent(4), n(%)                                    64(64.6%)               39(14.3%)            25(28.4%)                        
  Good(3), n(%)                                         7(7.1%)                 30(14.8%)            19(21.6)                         
  Fair(2), n(%)                                         16(16.2%)               53(26.1%)            31(35.2%)                        
  Poor(1), n(%)                                         12(12.1%)               91(44.8%)            13(14.8%)                        
  Score, Mean±SD[\*](#t003fn001){ref-type="table-fn"}   3.24±1.12               1.99±1.08            2.64±1.05                        \<0.001

\* *P*\<0.001 for every two groups: non-sedation vs. sedation, sedation with atropine vs. sedation and non-sedation vs. sedation with atropine

Based on this result, we further explored its potential correlated factors by dividing all the subjects of sedation EGJ into two groups: excellent EGJ exposure (n = 54) and non-excellent EGJ exposure (n = 237). In the univariate analysis ([Table 4](#pone.0179490.t004){ref-type="table"}), whether the EGJ exposure was excellent was related to two factors: atropine administration and the comorbidity of hypertension. A larger proportion of subjects with atropine administration achieved excellent-grade EGJ exposure compared to subjects without atropine (OR = 2.381, 95%CI: 1.297--4.371, *P* = 0.004). However, subjects with comorbid hypertension achieved excellent-grade EGJ exposure less frequently (OR = 0.246, 95%CI: 0.057--1.062, *P* = 0.043).

10.1371/journal.pone.0179490.t004

###### Univariate analysis of factors associated with excellent exposure of esophagogastric junction territory during sedation EGD.

![](pone.0179490.t004){#pone.0179490.t004g}

  Variables                                               excellent(n = 54)                                         non-excellent(n = 237)   *P* value     
  ------------------------------------------------------- --------------------------------------------------------- ------------------------ ------------- -------
  Demographic characteristics                                                                                                                              
                                                          Age                                                       51.93±12.24              48.48±12.98   0.076
                                                          Male                                                      25(46.3%)                124(52.3%)    0.424
                                                          Weight                                                    63.15±8.62               62.36±10.51   0.611
                                                          Height                                                    164.93±8.53              165.29±7.20   0.746
                                                          BMI                                                       23.21±2.66               22.73±2.86    0.253
  Comorbidity                                                                                                                                              
                                                          Hypertension, n(%)[\*](#t004fn002){ref-type="table-fn"}   2(3.7%)                  32(13.5%)     0.043
                                                          Diabetes melitus, n(%)                                    3(5.6%)                  8(3.4%)       0.448
                                                          Hyperlipemia, n(%)                                        4(7.4%)                  15(6.3%)      0.772
                                                          Cardiovascular disease, n(%)                              4(7.4%)                  13(5.5%)      0.587
                                                          Liver disease, n(%)                                       5(9.3%)                  15(6.3%)      0.442
                                                          Thyroid disorder, n(%)                                    3(5.6%)                  18(7.6%)      0.601
                                                          Psychiatric disorder, n(%)                                3(5.6%)                  7(3.0%)       0.344
  Atropine, n(%)[^\#^](#t004fn004){ref-type="table-fn"}   25(46.3%)                                                 63(26.6%)                0.004         

EGD, esophagogastroduodenoscopy.

\* Odds Ratio for excellent exposure of (hypertensive/non-hypertensive)

= 0.246,95%CI: 0.057--1.062, *P* = 0.043.

\# Odds Ratio for excellent exposure of (atropine administered/non-atropine)

= 2.381,95%CI: 1.297--4.371, *P* = 0.004.

To examine their independent effects on EGJ exposure, we performed multivariate logistic analysis of excellent or non-excellent EGJ exposure and the possible indicators. The administration of atropine (OR = 2.381, 95%CI: 1.297--4.371, *P* = 0.005) proved to be the only independent factor that contributed to excellent observation of the EGJ during sedation EGD.

Discussion {#sec011}
==========

The high incidence of EGJ diseases is indisputable, including many EGJ, gastric and esophageal diseases. As a specialized medical examination method, it is very important for endoscopy to be executed in the EGJ area with the best possible exposure. A previous study in Korea found that sedation with propofol during EGD had a significantly negative effect on EGJ/Z−line exposure compared to the non-sedation group\[[@pone.0179490.ref013]\], a phenomenon also observed in our clinic practice. We wanted to examine this relatively poor extent of exposure of EGJ during sedation EGD in the Chinese population. We also found a significant decrease in EGJ disease detection during sedation EGD, which may result from the poor EGJ exposure.

The extent of EGJ exposure is determined by several anatomical factors in the resting state. The dominant two mechanisms\[[@pone.0179490.ref018]\] are the pinchcock function of the diaphragmatic crura on the lower esophagus and the tone of the lower esophageal sphincter (LES). It is now generally believed that the diaphragm not only plays the role of a respiratory muscle with involuntary movement but also acts as a voluntary muscle. Therefore, during non-sedated EGD examination, endoscopic operators can pursue better exposure of the EGJ by asking the subjects to inhale deeply\[[@pone.0179490.ref019]\]. The LES, in contrast, is a group of involuntary smooth muscles. However, its resting tone is still regulated by a wide variety of neural, hormonal and drug influences. Especially for the sympathetic and parasympathetic nervous system, the LES is regulated by filaments from the vagus nerves\[[@pone.0179490.ref020], [@pone.0179490.ref021]\] and sympathetic filaments from the T6-T10 sympathetic ganglion\[[@pone.0179490.ref022], [@pone.0179490.ref023]\]. Other factors, including certain hormones such as gastrin, cholecystokinin, secretin,\[[@pone.0179490.ref024], [@pone.0179490.ref025]\] and glucagons or drug-like cholinergic and adrenergic stimuli, also play a role in the regulation of LES tone\[[@pone.0179490.ref026]\]. All these factors act in a complicated network.

Propofol might decrease the EGJ exposure by influencing both mechanisms. First, it is well established that propofol has a depressive effect on respiration\[[@pone.0179490.ref027], [@pone.0179490.ref028]\], which decreases diaphragmatic contractility and inhibits the pinchcock function of the diaphragm, further resulting in a negative effect on the EGJ exposure. Furthermore, although the regulation mechanism of propofol on LES is not yet clear, it was found that LES tone increased after the induction of anesthesia with propofol\[[@pone.0179490.ref029]\]. A previous study suggested that propofol could induce pronounced depression of the b-adrenergic related sympathetic nervous system\[[@pone.0179490.ref030]\]. The tone of LES is increased by beta-adrenergic antagonists, resulting in sphincter contraction\[[@pone.0179490.ref026]\].

Atropine is a classical anti-muscarinic widely used in clinical practice. In our study, we found that atropine can improve the extent of EGJ exposure during sedation EGD, as the only independent related factor in multivariate analysis (OR = 2.381, 95%CI: 1.297--4.371, *P* = 0.005). The explanation might be that the muscarinic agents enhance the LES tone and cause contraction through the parasympathetic nerve pathway\[[@pone.0179490.ref026]\]. This pathway is specifically blocked by atropine.

Regarding the different pathways, the negative effect of propofol on the extent of EGJ exposure was only partly antagonized. The exposure of EGJ was significantly better in the sedation group administered (2.64±1.05) than in the sedation group without atropine (score = 1.99±1.08), but still not as good as in the non-sedation group (score = 3.24±1.12,).

There are some limitations in our study. Regarding drug properties, the possible influence of fentanyl as a confounding factor has not been excluded. Due to the cross-sectional study design, it was neither randomized nor blinded. Due to ethical requirements, only one specific regular dose of atropine was administered in the study. More potential medicines of different mechanisms or different possible doses of atropine might be worth attempting in future work. Nearly all subjects were of the same race, and most of the study subjects were from Zhejiang Province, with similar genetic background and lifestyle, so that these results might not be generalizable to populations at the global level. The size of the study might also be a limitation. And further studies, probably multicenter and randomized are still needed.

In conclusion, our study suggested that the combination of propofol with fentanyl did reduce the extent exposure of the EGJ during EGD and reduced the detection of EGJ diseases. The application of atropine in the sedation endoscopic examination helped to improve the EGJ observation, but it could not achieve equal EGJ exposure for the non-sedation EGD.
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